Singlet oxygen generation efficiency
The 1 O2 production efficiency was calculated based on a published method [1] . Briefly, the X-PDT process can be broken into three steps. Firstly, SAO:Eu nanoparticles were irradiated by Xray to emit luminescence. Second, the XEOL activates near-by photosensitizers (MC540). Lastly, 1 O2 is produced. From energy transformation perspective, the whole process can be regarded as a conversion from the electromagnetic energy (the ionizing radiation) to chemical energy (the 1 O2).
The conversion efficiency (η) can be calculated from the following equation:
where Ec is the chemical energy, i.e. the energy increase when oxygen molecules are converted to singlet oxygen molecules.
The energy difference between the lowest energy of O2 in the singlet state and the lowest energy in the triplet state is about 94.3 kJ/mol (i.e. 0.98 eV) [2, 3] . Therefore, Ec can be calculated from:
where NA is the Avogadro's constant (6.02×10 23 ), 1 eV=1.6×10 -19 J, and Y (mol) is the amount of singlet oxygen generated from the X-PDT process.
Y can be estimated from our singlet oxygen generation data ( Figure 2b ) using a published method [1] . When there is excess MC540, the ratio between the reactants is 1:1 in the O2-1 O2- 
Using the above equation we computed 1 O2 production efficiency at different irradiation doses and the results were listed in Table S1 . 
